The altitudinal distribution, morphology, phenology and allozyme polymorphism at 12 loci were studied in diploid and tetraploid populations of Lotus growing at over 1800 m in the French Alps to clarify relationships between these cytotypes. In general, diploids occurred at higher elevation than tetraploids, although some sites at intermediate elevation contained both cytotypes, diploids predominating in the upper part and tetraploids in the lower part of the contact area. Evidence for an autopolyploid origin of the tetraploids was provided by tetrasomic inheritance at two enzyme loci, although no tetravalents were observed at meiosis. Diploid and tetraploid plants shared morphological traits distinct from those of other Lotus species and showed differences in size, which may be attributable to chromosome doubling. The diploid cytotype, L. alpinus, may thus be the ancestor of the Alpine tetraploids. Both cytotypes showed nearly identical suites of alleles at all loci and very similar genetic parameters, except for heterozygosity, which was higher in the tetraploid plants. However, the occurrence of few alleles specific to each ploidy level indicated limited gene flow between cytotypes, probably as a result of spatial segregation and variation in flowering time. Of the individuals in a tetraploid population, 25% showed morphological traits similar to those observed in L. corniculatus, suggesting genetic introgression between the two tetraploid species.
Introduction
The evolutionary dynamics of polyploid complexes depend on two contrasting evolutionary trends. First, spatial or niche differentiation and partial reproductive isolation may occur between the different taxonomic entities of the complex. Such differentiation between taxa may facilitate their co-existence over time even in sympatric situations and may lead to the occurrence of substantial genetic differentiation between them (Thompson & Lumaret, 1992) . A secondary evolutionary trend influencing polyploid evolution is that some genetic cohesion may be maintained within the polyploid complex as a result of occasional gene flow between the entities. Such gene flow may occur because of multiple polyploidization events in space and/or time or by direct crosses between individuals belonging to distinct entities, particularly in secondary contact areas (Bretagnolle & Thompson, 1995) . Therefore, the phylogenetic relationships among the taxa of a given polyploid complex are difficult to identify precisely and have been elucidated only in a restricted number of studies using isozyme electrophoresis and DNA markers (see Soltis & Soltis, 1993 for a review).
The polyploid complex Lotus in Europe contains several diploid (2n = 2x = 12) and tetraploid (2n = 4x = 24) taxa whose phyletic relationships remain poorly understood. In the Alps, the occur-rence of several perennial species of Lotus (Fabaceae) has been reported. The diploid plants have been identified either as L. tenuis L., which occurs at low altitude (Small et al., 1984) , or as L. alpinus (D.C.) Schleicher, occurring at high elevation (from about 2000-3000 m). Several controversial theories have been proposed concerning the identity and origin of tetraploid Lotus species usually found from 1800 m to 2500 m. First, Favarger (1969) described the two cytotypes as distinct species, considering the diploid L. alpinus as specific to high altitudes and the tetraploid L. corniculatus as specific to lower altitudes. Secondly, after studying the L. corniculatus complex along an altitudinal gradient in Turkey, Small et al. (1984) showed that, although L. corniculatus and L. alpinus exhibit morphological, chromosomal and ecological differences, these are not sufficient for them to be identified as separate species. In the Swiss Alps, based on the chromosomal resemblance of both cytotypes, UrbanskaWorytkiewicz & Wildi (1975) and UrbanskaWorytkiewicz et al. (1979) considered the polyploid as a tetraploid cytotype of L. alpinus. However, despite an extensive survey of Swiss populations, Urbanska-Worytkiewicz & Wildi (1975) found no triploid individuals and observed only rare mixed populations occurring in disturbed areas. Moreover, from a study of intra-and intercytotype reproductive behaviour, Urbanska-Worytkiewicz et al. (1979) showed a strong reproductive barrier between the two cytotypes and concluded that gene flow between the diploid and the tetraploid cytotypes is limited.
More recently, in their survey on the differentiation of L. corniculatus/L. alpinus populations from the French Alps, Blaise et al. (1991) and Jay et al. (1991) refer to diploid L. alpinus and tetraploid L. corniculatus. Unlike the previous authors, they found a substantial number of mixed populations but, again, no triploid individuals. Although Blaise et al. (1991) and Jay et al. (1991) easily discriminated between the cytotypes based on morphological characters and polyphenolic patterns, they also described tetraploids with diploid-like or intermediate morphology and/or chemotype. Thus, they suggested that the tetraploid cytotype may have had an autotetraploid origin from L. alpinus through the formation of unreduced gametes. Several studies, reviewed by Grant & Small (1996) , have been conducted on genetic variation in the L. corniculatus group using markers, such as isozymes (Realson & Grant, 1988 or RAPDs (Campos et al., 1994) . Unfortunately, Alpine tetraploid Lotus material was not involved in these studies.
The objective of the present work was to clarify the identity and origin of tetraploid Lotus in the Alps. This paper is the first of two and deals with morphological and allozyme variation in diploid and tetraploid Lotus populations growing along altitudinal gradients in the French Alps (Savoy region). Additional tetraploid material clearly identified as L. corniculatus from other regions was also analysed for comparative purposes. In a second paper, using the same plant material, we present the results based on a survey of chloroplast DNA variation, a cytoplasmic marker that is transmitted maternally in Lotus (Gauthier et al., 1997) . In the present paper, we have three objectives: (i) to describe the altitudinal and habitat distribution of both cytotypes; (ii) to discriminate between possible auto-or allopolyploid origins of the Alpine tetraploids based on observations of chromosome behaviour at meiosis and by observing isozyme inheritance patterns; and (iii) to study genetic variation within and between the tetraploid and diploid populations and thence to quantify any gene flow between them.
Materials and methods

Plant material
Individual Lotus plants were sampled along two altitudinal transects on schistose substrate, located 22 km apart in the Tarentaise valley of the French Alps at 'La Sassière' and 'Mount Jovet'. The altitudinal range (1800-2600 m) corresponded to a transitional area from upper subalpine meadows on fallen rock slopes covered with shallow soils (pH 7) to Alpine grassland (pH 6) subject to snow accumulation. The climatic characteristics are summarized in Table 1 . Carex sempervirens and Elyna myosuroides were the most representative plant species of the subalpine and Alpine habitats respectively.
Throughout the altitudinal gradient, a cytological survey was made, and in situ flowering phenology was studied by direct observation of Lotus plants during the summers of 1995 and 1996. In addition, for both transects, Lotus plants were sampled in the populations located at the highest elevation (2500-2600 m, populations 1 and 2) and at the lowest elevation (1800 m, populations 3 and 4) to study both morphological and allozyme variation (Table 1) . Allozyme analysis was also performed using an additional population also from the French Alps (Val d'Isère, 5) and L. corniculatus individuals from the cultivar 'San Gabriel' (6), produced in Italy and known to have been introduced into the Alpine valleys. In each population, seeds were collected randomly from 50 plants. The seedlings were grown in the greenhouse at the CEFE-CNRS experimental garden in Montpellier for 2 months until they were analysed. One seedling individual was analysed from each mother plant.
Cytological survey
Chromosome counts were performed on root-tip squashes using the Feulgen technique to determine ploidy level in each individual and cytotype distribution along the two transects. In addition, in order to study chromosome pairing and to check for the occurrence of tetravalents, meiosis was observed in anthers collected in situ from 10 and 12 tetraploid plants growing in populations 3 and 4, respectively. The fixing and staining methods are described by Lumaret & Hanotte (1987) .
Morphological variation in the French Alpine populations
The following characters were estimated visually in populations 1-4 in July 1995: bud colour (red or yellow); flower colour (deep or light yellow); keel tip colour (brown or yellow); leaf colour (light or deep green) and pilosity (yes or no); stem colour (green, red or brown) and pilosity (0 or 1); and individual plant habit (prostrate or erect). Twelve quantitative characters, namely stem length, internode length, leaf length, leaf width, calyx length, calyx teeth length, standard length, standard width, keel length, keel width, flower number per umbel and ovary length, which have been used previously to distinguish diploid L. alpinus from L. corniculatus and/ or tetraploid L. alpinus (Small et al., 1984; O'Donoughue et al., 1990; Blaise et al., 1991; Grant & Small, 1996) , were measured in situ on 40 individuals from each of the four populations. In addition, 30 plants from each population were grown from seed (one seed per mother plant) in the greenhouse and scored for these morphological characters under uniform conditions.
For each character, three measures were made on each individual plant, and the analyses were based on mean plant values. Multivariate analyses of variance (MANOVA) were carried out using PROC-GLM in SAS (SAS Institute Inc., 1990) to determine the effect of cytotype and population within cytotype on overall variation in plant phenotype. Standardized canonical co-ordinates were calculated for each trait to determine the relative contribution of each trait to variation between cytotypes and between populations within cytotypes. Mean values were also compared for two characters (leaf length and standard length) between each of the two Alpine tetraploid populations and a sample of the L. corniculatus cultivar Leo (data taken from O'Donoughue et al., 1990) using Student's t-tests.
A morphological index, based on three characters, namely leaf length, leaf width and keel length, was estimated for each plant measured in the field or grown under uniform conditions. This index was calculated following Brochmann (1987) on log-transformed data of the three selected traits. For each trait, the morphological character index x ij was calculated as:
where x ij is the observed value of trait i on genotype j, x i min is the minimum value of i and x i max is the Gensac (1978) . ‡Data from Gapillout (1975) . maximum value of i in the observed sample. The index varies between 0 and 1. The mean character index of each genotype was calculated as the mean of the indices for the three variables to compare the overall morphology of each genotype with all other genotypes. Because information from pure parental populations is not required (Brochmann, 1987) , this method is suitable for revealing possible intermediate hybrid individuals.
Allozyme analysis
Allozyme assays were performed on leaf tissue from the 2-month-old seedlings grown in the greenhouse. A total of 190 plants (about 31 individuals per population) was scored ( Table 1) .
Out of the seven electrophoretic systems used previously in L. alpinus and L. corniculatus by Realson & Grant (1988) , six were tested in the present study. Four of them, namely phosphoglucose isomerase (PGI), isocitrate dehydrogenase (IDH), malate dehydrogenase (MDH) and 6-phosphogluconate dehydrogenase (6-PGDH), showed polymorphism in our experimental conditions. Four additional polymorphic systems, namely esterase (EST), acid phosphatase (AcPH), leucine aminopeptidase (LAP) and tetrazolium oxidase (TO), were also analysed.
The electrophoretic and staining techniques used in the present study were those of Realson & Grant (1989) for IDH, MDH, 6-PGDH and PGI, of Lumaret (1988) for AcPH and TO and of for EST and LAP.
Inheritance of the polymorphic loci IDH1-2, MDH3, 6-PGDH1-2, 6-PGDH3-4 and PGI2-3 was studied by Realson & Grant (1988 . For AcPH, EST and LAP systems, the pattern of inheritance was assessed by analysing progeny from controlled crosses (see below). For the TO system, inheritance was inferred from data on quaternary structure and genetic control of these enzymes in other related genera (Weeden & Wendel, 1989) . In the present study, at each locus, the index value 100 was given to the most frequent allele, whereas the other ones were numbered according to their relative mobility. Correspondence between our indices and those of alleles previously identified at the same loci by Realson & Grant (1988) is indicated in Table  4 .
Allozyme segregation Allele segregation was studied at three loci, AcPH1 (dimeric enzymes), EST1 and LAP1 (monomeric enzymes), from progeny plants of three controlled crosses. Parent individuals were isolated in an insect-free greenhouse. Flowers of the female parent were emasculated by removing the stamens with forceps. Two days later, pollen from the male parent was applied to the stigmas of the emasculated flowers. Seeds were collected when pods became brown (between 30 and 40 days after pollination). Observed genotype frequencies were compared with expected ones on the basis of two-locus disomic or tetrasomic allelic segregations, using a 2 test.
Allozyme data analysis The total number (A t ) and mean number (A) of alleles per population, the percentage of polymorphic loci (P), the mean observed heterozygosity (H o ) and the genetic diversity (H s ) were calculated from allele genotypes in each population. Numbers of alleles were compared using Mann-Whitney U-tests. In multiple comparisons, the Bonferroni correction was used. Percentage comparisons were used for P, H o and H s values. These data were used to calculate total genetic diversity (H T ), genetic diversity between populations (D ST ) and the proportion of diversity resulting from gene differentiation between populations (G ST ) (Nei, 1987) or between populations either within each ploidy level or between ploidies. Nei's distances (1978) were determined between pairs of populations from their allelic distributions. These distances were used as the basis for a cluster analysis (UPGMA), total clustering scale ranging from 0% to 100%, using the BIOMECO computer package (Lebreton et al., 1987) .
In each diploid or tetraploid population, the genotype distribution at the studied loci (except those that were duplicated) was compared with expected values using a 2 test assuming panmixia and postulating tetrasomic inheritance with the index of separation being equal to 0 in the tetraploids.
Results
Cytotype distribution and morphological variation along the two transects
For both transects, all plants in the Alpine area (populations 1 and 2) were diploid, whereas those from the subalpine meadows at the lowest elevation (populations 3 and 4) were tetraploid ( Fig. 1) . At La Sassière, the diploids were isolated from the tetraploids by a steep rocky area covered with scarce vegetation in which no Lotus individuals were observed. Conversely, on Mount Jovet, in the intermediate area ranging from 1900 to 2400 m elevation, although Lotus plants were scarce and showed a scattered distribution, a mixture of diploid and tetraploid individuals was observed with a predominance of tetraploids below 2050 m and of diploids at higher elevations (Fig. 1) .
Along both transects, the flowering period of the tetraploid plants growing below 1900 m lasted from around mid-June to early August, whereas that of the diploids above 2400 m started 1 month later (mid-July) and finished in mid-August. On Mount Jovet in the intermediate area (1900-2400 m), a longer overlapping flowering period of nearly 1 month was observed in sympatric diploids and tetraploids, although the tetraploids flowered earlier than the diploids.
The diploid and tetraploid plants from the four populations studied in situ for morphological traits showed similar dark green colour, leaf shape, deep flower colour intensity, red buds, brown keel tip and prostrate habit except for nearly 25% of the tetraploid individuals of population 4, which exhibited a lighter green colour, light flower colour and/or erect habit similar to that observed in plants from many L. corniculatus cultivars including San Gabriel.
For quantitative traits, tetraploids had a greater mean size than diploids ( Table 2 ). The MANOVA showed significant variation in plant phenotype between cytotypes (Pillai's trace = 0.80, P0.0001). Standardized canonical coefficients (Table 2) showed that the cytotype effect was attributable to five main characters; stem length (1), internode length (2), keel width (10), standard length (7) and flower number per umbel (11). The MANOVAs performed on each cytotype separately showed significant differences between populations in both diploids (Pillai's trace = 0.66, P0.0001) and tetraploids (Pillai's trace = 0.39, P0.001). In the diploids, stem length (1), leaf length (3), leaf width (4), keel width (10) and ovary length (12) were the most important traits contributing to the variation between the two populations ( Table 2 ). In the tetraploids, the most discriminating traits were leaf length (3), leaf width (4), standard length (7), keel length (9) and keel width (10) ( Table 2) . Similar results were obtained from the plants cultivated in uniform conditions and those measured in situ. However, ANOVA of each character showed significant differences between the diploid populations for all characters, but no differences between the tetraploid populations.
The morphological index in the populations cultivated under uniform conditions illustrates that morphological divergence occurs between diploid and tetraploid plants and between populations within each ploidy level (Fig. 2) . Based on morphological data, population 3 was closer to the diploid populations than population 4 in which some of the individuals had very large leaves and/or long internodes leading to an increased standard deviation. Increases in both leaf length and standard length mean values in population 4 illustrate the morphological similarity of individuals of this population and the cultivar Leo, which exhibited similar values for these organs (i.e. 12.00<0.33 mm for leaf length and 12.70<0.77 mm for standard length).
Chromosome pairing at meiosis and inheritance of isozymes
Bivalents were observed exclusively in all the meioses examined from the 22 tetraploid individuals analysed. Allele segregations at the AcPH1 and 
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EST1 loci fit the expected tetrasomic ratio and not the two-loci disomic model of inheritance (Table 3) . For LAP1, lack of appropriate allelic variation prevented discrimination between disomic and tetrasomic inheritance, although frequencies observed in the two progenies (Table 3) clearly support the occurrence of a single locus with two co-dominant alleles.
Allozyme variation in diploid and tetraploid populations
The two cytotypes shared 19 of the 24 alleles observed (Table 4) . Two low-frequency alleles, namely 6-PGDH2-85 and IDH1-2-68, were specific to the diploids, and three other low-frequency alleles, 6-PGDH1-120, AcPH1-120 and 6-PGDH2-75, were specific to the tetraploids. Moreover, alleles AcPH1-120, LAP1-102 and 6-PGDH2-75 were present in the natural Alpine populations, either exclusively in the tetraploid level or in both ploidies, but were not observed in the cultivar San Gabriel. For slow PGIs, three diploid plants showed phenograms corresponding to digenic simplex (e.g. a 1 a 1 a 1 a 2 vs. a 1 a 1 a 2 a 2 for a digenic duplex) genotypes, suggesting the occurrence of gene duplication, which was also observed at the tetraploid level.
Apart from observed heterozygosity, which was higher in tetraploid populations (P0.05), MannWhitney U-tests and percentage comparisons showed no significant differences among cytotypes and origins for the different genetic parameters (Table 5 ).
Total genetic diversity (H T ) varied from 0.287 in the diploid populations to 0.308 in all the populations and the three tetraploid natural Alpine populations. A very high proportion of this genetic diversity occurred within populations (H s 0.27). The G ST value was higher in the diploids (3.02%) than in the three tetraploid Alpine natural populations (1.34%). In the tetraploids, the G ST value increased when the cultivar was added to the natural populations (1.95%). Over all populations, within and between population diversity within each ploidy level and diversity between the ploidy level accounted for 95.1%, 1.2% and 3.7% of total diversity respectively.
Nei's identity between populations ranged from 95.8% between populations 3 and 2 to 99.5% between populations 3 and 4, with a mean value of 97%. The two diploid populations clustered together at the 55% level and were clearly separated from the tetraploid ones, which clustered together at a lower level (23%) (Fig. 3 ). At the 8% clustering level, the three natural tetraploid Alpine populations were grouped together and were separated from the cultivar.
Compared with expected values assuming panmixia in all the populations and postulating tetrasomic inheritance in the tetraploids, genotype distribution showed significant differences from 
Discussion
Identity and putative origin of tetraploid Lotus in the French Alps
In the present study, with the exception of a few Lotus plants from population 4, substantial morphological and allozyme homogeneity was observed within the natural tetraploids, suggesting that they probably constitute a single taxon. Although no tetravalents could be identified in meiosis of the tetraploid individuals, the occurrence of tetrasomic inheritance at two enzyme loci provided clear evidence for an autopolyploid origin of the tetraploid cytotype growing at middle and high elevations in the Alpine region. Tetrasomic inheritance is considered as a critical genetic criterion for an autotetraploid (Stebbins, 1950) and has been demonstrated for several loci in tetraploids of Tolmiea menziesii (Soltis & Soltis, 1988) and of L. corniculatus (Dawson, 1941; Jones & Turkington, 1986) , which, like L. alpinus, do not show tetravalents at meiosis. Although the occurrence of 2n gametes was not studied in diploid L. alpinus, sexual polyploidization is a likely origin of the tetraploid. Indeed, a high frequency of unreduced gametes was observed in L. tenuis (Negri & Veronesi, 1989) , which belongs to the L. corniculatus group. Morphological variation in both Lotus cytotypes also suggests that the tetraploids may be of autopolyploid origin and that L. alpinus may be their diploid ancestor. In the Alpine populations studied in the present work, plants of both ploidies showed similar nonsize morphological characters (e.g. leaf colour and shape, flower colour intensity and plant habit). These traits were distinct from those described in other closely related Lotus species, including L. tenuis and L. corniculatus, which grow in the same region (Grant & Small, 1996) . In the present study, significant morphological differences were also observed between the diploid and the tetraploid plants whatever their geographical origin, and individuals of both ploidy levels could easily be distinguished both in situ and in the greenhouse. However, discrimination between diploids and tetraploids was based exclusively on the size of certain vegetative traits and flower number per umbel, which were greater in polyploids.
In the present study, significant morphological variation was also observed for quantitative characters between populations of each ploidy level. In diploids, smaller values were obtained both in situ and in the greenhouse for plants from La Sassière compared with those from Mount Jovet. This may be related to the distinct microclimatic conditions in the two sites, particularly the shorter growing season in the former. Morphological differences between the two tetraploid populations may also reflect environmental differences between the two sites, but additional variation was likely because of very high morphological heterogeneity occurring among groups of plants within population 4. The origin of such variation will be discussed at the end of the paper.
Allozyme variation in the diploid and tetraploid Lotus is also consistent with the hypothesis of an autopolyploid origin of the tetraploids from the diploid L. alpinus. Both cytotypes possess a nearly identical suite of allozymes at all loci with the same alleles being predominant in most cases. However, most (but not all) of these alleles were also present in the L. corniculatus cultivar analysed in this study and have been recorded in cultivars and natural populations of L. corniculatus studied by Realson & Grant (1988) . Because of allozyme similarity, these authors considered the diploid L. alpinus as a putative ancestor of L. corniculatus. Evidence obtained from a study of chloroplast DNA variation in several species of the L. corniculatus group suggests that L. alpinus is not the maternal ancestor of L. corniculatus (Gauthier et al., 1997) , but the possibility that this diploid may have contributed as a paternal ancestor to the genome of L. corniculatus cannot be ruled out completely. Our results were generally consistent with those obtained with the same enzyme markers by Realson & Grant (1988 . Unlike these authors, however, we observed a few diploid plants with a digenic simplex composition at loci coding for cytosolic PGI enzymes, suggesting the occurrence of gene duplication at the diploid level. As observed previously for duplicated PGI loci in diploids of other plant species, for example Dactylis glomerata (Lumaret, 1986) , there was a large excess of digenic duplex individuals in diploid L. alpinus. This excess may be caused by the tandem duplication itself, which favours the occurrence of two copies of the same allele on the same chromosome with a low probability of recombination, or by a selective advantage for individuals possessing balanced relative amounts of the same enzymes.
In the Lotus populations analysed in the present work, as would be expected given tetrasomic inheritance, tetraploids displayed statistically higher numbers of observed heterozygotes (H o ) than diploids. However, several other genetic parameters, including genetic diversity (Table 5) , were very similar for both ploidy levels or only slightly higher in tetraploids. Allozyme polymorphism and diversity are higher in autopolyploids than in related diploids in many (but not all) taxa studied previously (see Soltis & Soltis, 1993 for a review). According to Stebbins (1985) , the evolutionary success of polyploids should be related directly to their higher heterozygosity, because the adaptive effect of polyploids would result from the increase in distinct functional alleles at one locus. In Alpine Lotus, as in Heuchera micrantha (Ness et al., 1989) , increased heterozygosity in the tetraploid may not be the result of numerous new alleles not found in the diploid but is probably directly attributable to the tetrasomic genetic structure, which is characterized by high inertia, so that many loci are maintained in (Lumaret & Barrientos, 1990) and in Arrhenatherum elatius (Petit et al., 1997) .
Gene flow between diploids and tetraploids
In the present study, the occurrence of several low-frequency allozymes specific to either diploids or tetraploids had little impact on genetic differentiation between ploidy levels, but clearly indicates that gene flow is limited between them. In sympatric or parapatric areas, reduced gene flow between entities of the same autopolyploid complex has been shown to be necessary to maintain sufficient genetic differentiation between them and to ensure their co-existence (Thompson & Lumaret, 1992 Correspondence with allelic denomination of Realson & Grant (1988) is indicated in the column Cp and in brackets. PGI2-3, IDH1-2, 6-PGDH1-2 and 6-PGDH3-4 are duplicated loci.
with a reduced number of plants of both cytotypes occurring in small distinct groups. However, phenological displacement between the cytotypes occurs in such zones. Any between-cytotype pollination may also be countered strongly by an efficient triploid block, as suggested by the absence of triploid plants both in situ and in experimental crosses between diploid and tetraploid plants (Urbanska-Worytkiewicz et al., 1979) . In Alpine Lotus, such flowering period discrepancy between cytotypes is very similar to that described in the Pyrenees for diploids and autotetraploids of Plantago media (Van Dijk et al., 1992) and Arrhenatherum eliatus (Petit et al., 1997) and may fit the evolutionary model proposed by Van Dijk & Bijlsma (1994) .
Genetic introgression between tetraploid L. alpinus and tetraploid L. corniculatus
The discovery that nearly 25% of tetraploid plants derived from population 4 (Mount Jovet) exhibited various combinations of particular morphological characters, such as an erect habit, light yellow buds, large leaves and large standards, which are characteristics of L. corniculatus cultivars, suggested the possibility of initial hybridization and subsequent genetic introgression between the Alpine tetraploid cytotype (L. alpinus according to the results presented above) and L. corniculatus cultivars introduced at lower elevations. Unfortunately, such putative introgression could not be detected using allozymes, as the two tetraploid taxa displayed very similar allele pools. As L. alpinus and L. corniculatus possess very distinct chloroplast DNA (cpDNA) variants (Gauthier et al., 1997) , this marker is used in a subsequent paper to confirm relationships between diploid and tetraploid Lotus in the Alps. LAP1, MDH3, , showing the genetic relationship between diploid (1 and 2) and tetraploid (3, 4 and 5) Alpine Lotus populations and the L. corniculatus cultivar San Gabriel (6).
